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The hypothesie of charge independence requires a very high degree of sym-
metry in the system of meson and nucleon fields; in particular it requires
the invariance of the Hamiltonian of the system relative to the group of
rotations in charge space. We know that this hypothesis has still not been
gefinitely eonfu'med However, a lower type of symmetry may be considered as
established: ' the invariance of the Hamiltonian relative to rotation around
the z-axis in charge space (which corresponds to the law of conservation of
the total charge system), and its invariance relative to rotation around the
x-axis by 180° (which means invariance relative tc the replacement of neu-
trons by protons and to the wr'espondlng repl acement of T -mesons by nt.
mesons and vice versa). In other words, invariance relative to the group D
in charge space has been established.

The procf of the invariance relative to the group of rotations must essen-
tially include the neutral meson field. The interaction Hamiltonian of the
meson end nucleon fields, which satisfies the requirement of invariance rela-
tive to the group of rotations, is a scalar in the isotopic space g(T, ©).

A quite general type of interaction Hemiltonien satisfying the requirement
of invariance relative te the Dy-type group can be written as

& (1191 + T2Ps) +83%sPs + LoPor

wvhere @5 is the third component of a vector in isotopic space and J5 is a
scalar. If we disregard the possibility of describing the n° -mesons simul -
taneously by two functions 93 and @y, we must determine whether the neutral
meson field is described by the function @5 or by @g.

The photoproduction of n°-mesons on deuterons is an effect which is very

sensitive to the properties of the symetry of the wave function of the neu-
tral meson field in isotopic space:

d+n° I
T+d-> {n+p+1t°. 1})

In an examination of this effect’ it was found that when the signs of the
interaction constants of the m°-mesons with the neutron 8n and the proton g,
are opposite, i.e., g, = —g, (which corresponds to the descnpt.lon of the
n° -mesons by the function %), then the cross sections of processes (I) and
(II) must be of the same order; when, on the other hand, g, = gp (the K=
mesons are described by the function ), the cross section of process (1)
is much smaller than that of process (II). However, some assumptions were
made in reference 2 which impair the generality of the results: the epproxi-
mation of weak coupling, the adoption of a concrete mescn theory, and the
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phenomenological introduction of anomalous magnetic moments, all of whi.eh pl.ay
an important role. We shall show presently that this re.sult can be obtained in
general if we base ourselves only on the group properties of the wave func-
tions and of the Hamiltonian in charge space as well as on one very natural
assumption, which we shall explain a little later.
We shall write the Schroedinger equation for the system of the meson and

nucleon field:

.0Y

i i = How. (1)
Here H, is invariant, at least relative to the Dy group and possibly relative
to the group of rotations. In order to introduce the electromagnetic field
into Ho, we must replace all the 3/0x; thet act on the nucleon functions by

b_‘l_‘ el (2)
and all the O/AX; that act on the meson functions by

a%, + leL, A, (3)

Here L is the charge operator of the meson field which has the following
characteristic values: +1 when it acts upon a 7' -meson field, —1 when it acts
upon a W -meson field, and 0 when it acts upon a n°-meson field. The operator
has the transformation properties of a third component of a vector in iso-
topic space. We shall expand H in a power series of eA; and limit ourselves
to the first order (we shall consider only the absorption of the photon).

In other words, the interaction with the electromagnetic field is assumed to
be weak and viewed as a minor perturbation causing transitions in the system

of the meson and nucleon fields. Then the Schroedinger equation takes the
form

% = (H, + H,) V. (4)

The matrix elements of the transition are
(Wh leo), ¢ (5)

where ¥¢ and ¥, are functions satisfying Eq. (1).

If we use the property of symmetry of Hy only with respect to 2 180° ro-
tation around the x-axis in isotopic space, then for both types of symmetry,
H, can be broken domn into two temms:

H.=S+ V,, (6)

as can be seen from (2) and (3).

Here, the first tem S, depending only on the interaction of the electro-
magnetic field with the charge of the nucleon, does not change with a 180°
rotation, while the second temm V; changes sign. For the case of charge in-
dependence, H, in the form of (6) was obtained in reference 3 from special
considerations (in that case, S and V3 are a scalar and a third vector com-
ponent, respectively). As can be seen from our derivation, Eq. (6) follows
automatically frem the general principles of quantum mechanics.

We shall examine process (I): ¥, describes a deuteron, and ¥s a deuteron
and a n°-meson. Since the wave function of the deuteron, antisymmetrical in
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the proton and neutron coordinates, enters the matrix element twice (in ¥,
and ¥¢), the sign of the product of the ¥, and ¥s functions, under a 180°
rotation around the x-axis, will be determined by the transformation prop-
erties of the meson function. If the meson function is a scalar (9o) in iso-
topic space, the product of the ¥, and ¥¢ functions does not change sign un-
der the rotation. If, on the other hand, the n°-mesons are described by the
function @y, the product of the ¥, and ¥y functions will change sign.

We shall assume that the n°-mesons are described by the function Ps. Then,
making a 180° rotation in isotopic space and noting the trivial assertion
that the value of the matrix elements does not change when the integration
veriables are replaced, we can write instead of (5):

¥n S+ Vi) = — Ty, S — VW) = Ty Va¥o). M
If the n°-mesons are described by the function 9,, we have
(W}, S+ V,¥o) = (q"]- S - Vo) = (wf’ SWo). (8)

Hence, i{ we disregard the nucleon recoil effects, S = 0, the matrix element
of transition for the process y + d = d + n° is zero when the n°.nesons are
described by @o.

The final wave function cf two nucleons for reaction (II) may or may not
change sign under the 180° rotation; therefore, for reaction (II) there are no
selection rules that follow from the requirement of symmetry in isotopic
space, except. for the condition that, in the case of 95, the final triplet
state will predominate, while in the case of @5 the singlet isotopic state
will predominate.

In the above discussion, we assumed that the anomalous magnetic mument of
the nucleon (a. m. m.) is ceused by m-mesons. Now, if we assume that the a.
m. m. is not caused by NM-mesons, it cen be introduced phenomenologically.
This will not change our reasoning. During the computation in the approxi-
mation of weak coupling, the a. m. m.’s introduced were equal to those meas-
ured in a static magnetic field. The anomalous parts of the magnetic moments
of the neutron and proton are equal in magmitude and opposite in sign (with
a sufficient accuracy for our purpose). Therefore, the part of H, that was
caused by the interaction with the a. m. m. had the fom

b () + 47,

i.e., it posseszed the transformation properties of V;. Therefore, the a. m.
m. made a large coatribution to the cross section for g, = g, \or 9;) and
did not contribute at all when g, = &p (or @5). Thus, the results obtaired
with perturbation theory follow directly from these general considerations.
We note that if neutral mesens are described by ¢p, their elastic photo-
production on nuclei that are symmetrical with respect to neutrons and pro-
tons must be forbidden. The forbidden processes about which we have been
speaking must be understood in the sense that they are forbidden only with
ai accuracy up to the terms describing the effect of nucieon recoil. We
assume that

S~4Vy (9)
and, ccnsequently, the cross sections of the forbidden processes are (W/M)?

~ 40 times mmeller than the cross sections of the allowed processes. The
natural assumption (9) is fundeamental for our resuits. In this commection,
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we computed the cross sections of processes (I) and (II) according to t.h?
pseudoscalar theory, taking radiation damping into consideration, and using
the impulse approximation. The theory of radiation damping apparently gives
an approximation closer to the true solution of Eg. (1) than the usual per-
turbation theory. In particular, this theory makes it possible, as we have
shown, to find the magnitude and the angle and energy dependences of the cross
sections for photoproduction of n° mesons on nucleons without even the phe-
nomenological introduction of the a. m. m. The computations of photoproduction
in deuterium, in full agreement with the general considerations formulated in
(7), (8), and (9), have shown that the cross sections of processes (I) and
(II) are of the same order of magnitude when the n°-meson field is described
by the function ®;, and that the cross section of process (I) is much smaller
than the cross section of process (II) when the n°-mesons are described by the
function @o. Here, the results of the computations change very little with
the phenomenological introduction of the a. m. m.,

In conclusion we are pleased to acknowledge our appreciation to Professor
M. A. Markov for his comments on our work.
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